Abstract: This paper analyses the use of table visual variables of statistical data of hospital beds as an important tool for revealing spatio-temporal dependencies. It is argued that some of conclusions from the data about public health and public expenditure on health have a spatio-temporal reference. Different from previous studies, this article adopts combination of cartographic pragmatics and spatial visualization with previous conclusions made in public health literature. While the signifi cant conclusions about health care and economic factors has been highlighted in research papers, this article is the fi rst to apply visual analysis to statistical table together with maps which is called previsualisation.
Introduction
The functioning of hospitals and access to health care systems has become the subject of numerous scientifi c publications in various fi elds. Interdisciplinary studies carried out over the past few years have contributed to the broadening of knowledge concerning the consequences of earlier actions undertaken in favour of health care. The number of publications and periodicals concerned with the issue of 'health' in the broadest meaning of the term testifi es to the importance attached by contemporary science to issues relating to health care.
Earlier analyses of various authors provided a number of interesting conclusions, particularly as regards the costs connected with the functioning of hospitals. In this context, the issue of the costs of maintaining hospital beds or the requisite number of physicians is one that is frequently taken up. The earliest publications concerned with the analysis, status and utilisation of hospital beds were written at the beginning of the 20th century. Research into the literature allows us to distinguish two main trends -the reduction or improvement of management (Green, 2002; Green et al., 1995) , and increasing expenditure on the health care system (Ham et al., 2003) . In their conclusions, the authors note that the number of available hospital beds impacts access to the health care system and is to a considerable extent dependent on the fi nancial resources allocated to the functioning of hospitals (Van Doorslaer and Van Vliet, 1989; Appleby, 2013) .
It is interesting that only some publications take into consideration the spatial distribution of indices such as the number of hospital beds, the number of physicians, and expenditure on health care (Joseph and Philips, 1984; Khan, 1992; Kroneman and Siegers, 2004) . The spatial analysis stresses the importance of geographical distribution, and may also point out the consequences and causes of such a state. It should be emphasised that contemporary health databases, made available by -for example -the WHO or the World Bank, contain information about changes in indices in individual years. The utilisation of these data makes it possible to broaden the spatial analysis by predictions of changes in the number of hospital beds, the number of physicians, and in expenditure on health care, which in conjunction with previous trends may be used to assess potential future changes.
In the present day, the number of spatial tools for analysing statistical data connected with the estimation, planning and drawing of conclusions concerning public health care is growing steadily. Amongst these works, we should mention Mosseveld (2003 ), Wei Luo (2004 , Delamater, Messina and Grady (2013) , Oliveira, Portela, Machado and Abelha (2014) and also Chakrabortty, Asadujjaman and Nuruzzman (2014) .
The signifi cance of cartographic visualisation in medicine relates to the presentation as a sui generis document concerning the spatial scope of diseases (Schweikart and Kisteman, 2013; Ocaña-Riola, 2010) , or parts of reports elaborated for specialists, e.g. incidences of malignant neoplasms. The utilisation of on-line technologies for providing access to interactive atlases has also gained importance (Bhowmick et al., 2008) .
The most friendly method of recording and understanding spatial dependencies by the public user and the professional user is the map, which is created during the process of cartographic visualisation using commonly available graphic and geoinformational technologies (Medyńska-Gulij, 2014) . Typical techniques of quantitative thematic mapping that are read intuitively include the choropleth map and the proportional symbol map (Dent, 2008) . Animated or semistatic maps are of considerable signifi cance for the visualisation of data variable over time (Cybulski, 2014) . Presently, statistical maps are created using statistical data entered in tables, which contain spatial references -usually to a country, city, or other administrative units.
The authors of the present article would like to propose a new method of spatial analysis -the previsualisation of the statistical table and a complementary cartographic visualisation, which would make it possible to draw new conclusions which takes into consideration spatio-temporal aspect. Finding patterns in statistical tables using visual analysis is a present-day issue (Klemm et al. 2014) . In the present deliberations, the cartographic visualisation is considered as "the process of creating graphic presentations, usually in the form of a map, in order to become familiar with and clarify current spatial phenomena" (Medyńska-Gulij, 2011) . The term "graphic previsualisation", in turn, is used herein to describe the process of applying graphic means for fi elds, columns and records of the statistical table -both for emphasis, and also to disclose statistical dependencies. Visual analysis focus on generating charts and even maps in order to better understand main characteristics in a data set (Kowarik et al., 2015) . Computer programs offers various tools however, the authors aim was to make previsualization to be fi rst step in visual analysis. Also it is important to keep systematic classifi cation of data and colour palette in table as well as in a map.
The aim of this study is to put forward a new method of discovering dependencies for spatial phenomena connected with health using the method of previsualisation of tables of statistical data, and creating statistical maps on the basis thereof. An exemplary method of procedure will be presented utilising specifi c data concerning the number of hospital beds, the number of physicians, and expenditure on healthcare in the time context, in connection with other geographical data. Another objective is to utilise the previsualisation of the table for cartographic visualisation taking into consideration the degree of dependency, starting with the certain (i.e. obvious) relations, proceeding to those that may arise, and fi nishing with uncertain dependencies, solely conjectured by the researcher.
Methodology
The proposed methodical approach to the previsualisation of statistical tables with reference to geographical space comprises the following stages: selection of data, selection of previsualisation criteria, identifi cation of dependencies in the table, cartographic visualisation of spatio-temporal dependencies, and the identifi cation of dependencies on the map. All of these steps have been presented on the example of statistical data pertaining to health, chosen on the basis of conclusions drawn by the authors mentioned in the introduction to the present articles, and also geographical data.
Selection of data
The fi rst stage was concerned with the selection of data concerning health care, which was dictated by the fact that insuffi cient emphasis was placed on the role of geographical space in analyses from the fi eld of health care. For this reason, the authors decided to select indices of importance in terms of public health: the number of hospital beds per 100,000 inhabitants, the number of physicians per 100,000 inhabitants, and government expenditure on health care per capita in American dollars. In order to stress the geographical dimension, it was decided to choose European countries and the corresponding social features, i.e. the political system. The level of unemployment, which impacts access to medical services, was selected as an additional index. In numerous health care systems maintained by European countries, the status of an unemployed person allows one to make use of state health insurance. According to some researchers, the unemployed are more exposed to the loss of mental health than those who are employed (Artazcoz et al., 2004) . Three years were chosen for the purpose of drawing conclusions as to spatial variability: 2005, 2008 , and 2011, since for these years the database is very complete. All of the data were taken from WHO database and the World Bank.
Authors did not searched for existence of statistical correlation however, they believe it is important to develop empirical study about the effectiveness of presented method.
Selection of previsualisation criteria
The fi rst criterion in the process of previsualisation is the breakdown of data and the appropriate arrangement of columns in the table, according to the nature of the dependencies existing between data. Research into the literature shows that there are three types of dependencies between the selected data -dependencies that are certain, possible, and uncertain. Dependencies that are certain occur between the number of hospital beds per 100,000 inhabitants, the number of physicians per 100,000 inhabitants, and government expenditure on health care. They impact access to health care in a given country. The second type of dependency -possible -occurs between the number of unemployed and access to the health care system. The fi nal type, i.e. uncertain dependencies, remains in the realm of conjecture, for these have not been disclosed by researchers to date. The authors of the present deliberations are considering whether the political system of a country, and therefore a specifi c policy approach, exerts a direct infl uence on access to health care. For this reason, the political system (PS) has been classifi ed as an uncertain dependency. The columns in the table were ordered according to the hierarchy of these dependencies. Columns with the number of hospital beds (HBED), the number of physicians (PHYS), and health care expenditure (HE) were arranged according to individual years. A column with the rate of unemployment (UN) was added for each year group.
The second criterion is the time criterion, namely the ordering of columns in such a way as to ensure that they have headers informing about individual years. Thus, columns concerning the number of hospital beds, the number of physicians, expenditure on health care, and the rate of unemployment for the years 2005, 2008 and 2011 were grouped separately. The column with the political systems (PS) of individual countries was placed outside of the years, for the systems did not change over these periods. Rows in the table were arranged alphabetically using abbreviations for countries. Figure 1 presents the arrangement of columns and rows in the table according to two criteria -the nature of the dependency, and the time criterion. The third criterion in the process of previsualisation is the application of graphic means of expression (Medyńska-Gulij, 2011) , which in the proposed method means the allocation of colours, textures and symbols to individual table fi eld, while at the same time maintaining the legibility of numerical values. Since certain dependencies are the most important, the authors allocated thereto the colours that in cartography are considered as the key visual variable (Dent, 2008) . And thus, the colour blue was used to mark the number of hospital beds per 100,000 inhabitants. Red signifi es the number of physicians per 100,000 inhabitants, while green marks expenditure on health care per capita. The second most important dependencies -possible dependencies -were marked with a grey line texture. Uncertain dependencies are denoted by symbols -republics by triangles, federations by rectangles, and monarchies by semicircles.
The fourth criterion in the classifi cation of data. Only quantitative data were grouped into classes. In order for the previsualisation to be intelligible, and also to ensure that the number of classes does not hinder the search for dependencies, the authors decided to use between 4 and 5 classes, in accordance with Jenks' division (Jenks, 1967) . The number of hospital beds and expenditure on health care were grouped in 5 classes, while the number of physicians in 4 classes. Next, unemployment rate was divided into 3 classes, determined arbitrarily. The division into classes made it necessary to break down colours into classes of brightness, where the smallest value would correspond to the greatest brightness of a given colour. Data classifi cation has been chosen arbitrary based on knowledge of authors. However, different method of classifi cation are also possible i.e. natural breaks, equidistant groups. There should not be more than 7 classes to not overload user with symbols and colours (Medyńska-Gulij, 2011) .
The fi fth criterion is that of extremity, i.e. the indication of maximums and minimums for the entirety of data, and also for individual years. In the process of previsualisation of tables, maximums and minimums constitute certain points of reference, and for this reason it has been decided to emphasise them. A thick line was used to mark the maximum for each quantitative phenomenon in each individual year, and also one maximum for each phenomenon over three years. An identical approach was applied for minimum values, and graphic emphasis was used by strengthening the lines of table fi elds with a thick dotted line. Figure 2 presents the previsualisation with the maintenance of fi ve criteria. Fig. 1 -Order of the table using temporal and depending criteria [HBED -hospital beds per 100 000 people, PHYS -physicians per 100 000 people, HE -health expenditure per capita in U.S. dollars, UN -unemployment rate, PS -political system (R -republic, F -federation, M -monarchy). 
Identifi cation of dependencies in the table
The identifi cation of dependencies in the table starts off with a search for certain dependencies proceeding to ones that are possible and uncertain. As regards the number of beds, there is a clear trend aiming at decreasing the number of beds during the period 2005-2011. The greatest number of beds was maintained by Belarus. The smallest number of hospital beds was noted in Sweden, and only in 2011 did Albania take fi rst place in this category. As regards the number of physicians, the situation is the reverse during the same period. The number of physicians increased in the majority of countries. The largest number of physicians per 100,000 inhabitants in each year was observed in Greece. The smallest number per 100,000 inhabitants was observed in Bosnia and Herzegovina, and in Albania in 2011. Similarly, expenditure on health care rose over these few years. However, in a few cases there appeared an interesting dependency between expenditure on health care and the rate of unemployment. In certain countries that increased their expenditure on health care in the period 2005-2008, the rate of unemployment grew considerably in 2011, namely in Austria, Bulgaria, Croatia, Cyprus, Denmark, Spain, Estonia, Finland, Greece, Hungary, Italy, Latvia, Lithuania, Poland, Portugal, Romania, Slovenia, Serbia, Slovakia and Sweden. 
Cartographic visualisation of spatio-temporal dependencies
The cartographic visualisation of dependencies follows from the fi nal, sixth, criterion -the spatial criterion. This was presented separately, for it entails the spatial ordering of data, with the map being the best method. However, the visualisation of the dependencies set forward in the table is performed according to cartographic rules. In addition, the previsualisation of the table and the cartographic visualisation of dependencies must be complementary, and for this reason the markings used in the table should be visible on the map. The elaborated data determine the available possibilities for creating a statistical map.
The mapping methods are clearly specifi ed for the two types of data (quantitative and qualitative) present in the table (Ratajski, 1989; Medyńska-Gulij, 2011) . For the fi rst type -certain dependencies, a map was elaborated and the following mapping methods adopted. The choropleth map was used for the number of hospital beds, this being concordant with the selected colour and the previously adopted Jenks' classifi cation (Jenks, 1967) . This is the simplest method of showing quantitative data, and also the basis for further modifi cations. The number of physicians has been presented on the maps by pictographic proportional height symbols presenting a man (Kraak and Ormeling, 2010) . The fi nal phenomenon in certain dependencies, i.e. expenditure on health care, has been presented by means of a predominance, where the height of the statistical surface corresponds to the value of expenditure incurred by governments on health care (Slocum et al., 2009 ). The map showing certain dependencies has been presented in Figure 4 . We should note that not everything may be shown as precisely on the map as in Figure 2 , however the authors have attempted to maintain consistency in both the selection of colours and mapping methods.
Possible dependencies are illustrated by a texture added to maps containing certain dependencies. In Figure 2 , the colour of the texture was grey, however due to the quantity of information contained in the map, black was used in order to make the dependencies visible. Figure 4 presents the map of possible dependencies. It should be observed that together with the increasing quantity of information on the map, it becomes more diffi cult to read; among others, this is dictated by the hierarchy of dependencies. Certain dependencies were simple to read, but as successive information was added, this became steadily more diffi cult and, fi nally, uncertain, nevertheless noteworthy for the researcher.
Uncertain dependencies are connected with the political systems of countries. Political system is just an example of characteristic which is slightly connected with a health system. Distinction between republic, federation and monarchy was dictated by different redistribution of GDP. Federations have more autonomy on this and could have more infl uence on fi nancing health care system. The same was with monarchy which have bodies like Privy Council that can help fi nancing health care in their countries (Ferguson, 2007) . As regards the previously utilised mapping methods, the authors decided to use the method of scopes in order to mark the occurrence of specifi c political systems in Europe. Just as in the table, use was made of triangles, semicircles and rectangles to denote political systems. In order to ensure better emphasis, scopes were marked in orange. In this way we arrived at Figure 5 , which is the most diffi cult to interpret -just as the uncertainty of the relations that it presents. 
Identifi cation of dependencies on the map
The identifi cation of dependencies on the map begins with certain dependencies, proceeding to possible and, fi nally, to uncertain ones. Connection of table previsualization with map visualization can support detection of these dependencies.
Amongst the certain dependencies we may observe that the number of hospital beds per 100,000 inhabitants is lower in peripheral areas, and higher in the continental part; this tendency did not change throughout the analysed period. The number of physicians per 100,000 inhabitants is regional in nature. There are fi ve regions with greater numbers of physicians -the eastern, central, western, southern and northern. These regions are separated from each other by areas with a lower number of physicians. The nature of this arrangement became steadily more pronounced over the three years. In turn, expenditure on health care divides Europe into two parts -the eastern and the western, with the latter spending considerably more funds per capita. The increase in health expenditure appears to shift towards the east. Possible dependencies, i.e. connections between the rate of unemployment and the health care system, develop similarly to the number of hospital beds, however with the difference that the unemployment rate shifts over time from the continental part to peripheral areas.
Uncertain dependencies are presented by political systems. Figure 5 clearly shows that the area of the republic in the central part is characterised by a lower number of physicians than the surrounding area. Furthermore, unemployment has clearly increased in the south and north-east of the republic. Expenditure on health care has also increased in the western republic. In the monarchy, unemployment has risen with the exception of the Benelux countries. The federation, in turn, has experienced an increase in the number of physicians, and also a fall in unemployment. It is also visible that monarchies have a relatively smaller number of beds per 100,000 inhabitants.
Results
The previsualisation of the table and statistical maps, which are the result of the process of cartographic visualisation, do not form the basis for drawing the same conclusions and do not present the same dependencies, and for this reasons the authors suggest that their application should be complementary. It is because of that statistical table are not spatially organized. Although the previsualisation of the table and the map differ as regards interpretation, the conclusions drawn are supplementary, and may offer new interpretative possibilities for specialists occupied with health care. To draw supplementary conclusions the same data classifi cation and visual representation is needed. Small number of classes can generalize dependencies and on the other hand too much classes can cause the map and table unreadable. However, like the example, the same methods of visualization could not been adopted. This can lead to misinterpretation. On the basis of the map and table we may observe, that countries in which their occurred a dependency between an increase in expenditure on health care in 2008 and an increase in unemployment in 2011, are located on the peripheries of Europe, i.e. Denmark, Cyprus, Greece, Spain and Portugal. The same tendency was observed in some Balkan countries -Croatia and Serbia -and also in Central and Eastern Europe. Only one country -Iceland -lowered its health care expenditure. Developments were similar as regards the number of physicians -only in Iceland did it fall per 100,000 inhabitants. As regards the number of hospital beds, only a few countries effected an increase thereof during the analysed period. However, we can observe that the more data is put on a map the harder is to interpret it. This is caused by the fact that human perception is limited.
These dependencies also need to be proven by statistical tests and authors are aware of this fact.
Conclusions
The previsualisation of the table may be a suffi cient method for a specialist to indicate dependencies and explain the relations occurring between them. In the present deliberations, the previsualisation of the table has been considered solely as a stage necessary to create statistical maps, which offers considerable opportunities for cartographic visualisation, from a minimum to a maximum of information concerning the number of beds, physicians, expenditure on health care, unemployment, or political divisions. Linking table previsualisation with map visualization can support drawing conclusions from unrelated information. Combined in one visualisation, allowing us to draw conclusions on causes of the processes. For this reason the authors suggest that the previsualisation be used together with a map, and conclusions drawn on the basis of these two sources. In the article we have strived to present these two methods of graphical activity as complementary, ensuing from a pragmatic approach in cartography, which is understood to be user-friendly, i.e. ensuring intuitive legibility (M edyńska-Gulij, 2011). As regards health care data, this approach is signifi cant, for it concerns both the public user and the health care expert.
The wage of the previsualisation method will allow specialists to disclose new dependencies following from the spatial displacement of the aforementioned indices and their time interpretation, and also present their conclusions in a new, broader spatio-temporal approach (Van Doorslaer and Van Vliet, 1989; Appleby, 2013) . The value of the new conclusions may lead to a recalculation of costs connected with health care in the context of neighbourhood (Green, 2002; Green and Nguyen, 2001 ). The previsualisation may constitute an important stage in weighing and creating spatial health care models (Chakrabortty et al., 2014; Oliveira, Portela, and Abelha, 2014) .
Data classifi cation is already implemented in GIS software packages and allows to steer the number of classes from attribute data, the class formation principle, and the cartographic method is applied. Also styling statistical table with colours is also available in Offi ce software. What is not available in commercial software, is a specifi c styling of the tables together with classifi cation of data. Different method of classifi cation is adopted from GIS software and needs user effort to classify data.
The essence of previsualisation is the appropriate arrangement of columns and rows in the table, and allocating graphic variables thereto. The proper arrangement of columns and rows in the table is subjective. The structure of the table is a question of dispute, and continues to constitute the subject of further scientifi c analysis. It may be that a different arrangement of columns and rows in the table will lead to different conclusions. Similarly, the allocation of graphic variables is still debatable. The problem lies in the fact that the colours selected in the study are not associated with the analysed phenomenon. The choice of different colours may impact conclusions. However, usage of the same colour palette and same data classifi cation in the map as well as in the statistical table is necessary for drawing conclusions. For this reason that authors consider it necessary to continue research into the selection of visual variables in the process of previsualisation and the technological utilisation of mapping techniques and the effectiveness of the perception of the methods proposed herein by public users and experts.
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